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Abstract 
The purpose of this explorative study was to investigate (1) the characteristics of Business Intelligence 
(BI) dashboards and (2) understand how BI dashboards can be adopted by citizens in health care. We 
compared two public dashboards in the Norwegian health management, one which had an underlying BI 
technology, and one which did not. The participants included in the study were Norwegian health 
managers, patient counsellors and potential patients (citizens). Semi-structured interviews, a fictive 
scenario, observation and internal documents were used to collect data. 
There are two main outcomes from this study. The first is theoretical and contributes to BI literature by 
addressing the call for research on BI in health care. We hope that this case study can provide insights on 
how public dashboards can be developed, as well as the influence on citizens when they make decisions 
on health care services. The second contribution is practical, proposing a set of guidelines for BI 
dashboard adoption: focus on decision making, exploit BI technology and provide easy access. This study 
may be relevant for managers and developers of health related BI dashboards for citizens. 
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1. INTRODUCTION 
In 2013 the Norwegian Prime Minister, Erna Solberg, wrote chronicles and blog posts about the 
importance of IT-solutions for measuring and making quality data available for citizens to compare and 
make informed choices. Other European countries have IT-solutions as important foundations in their 
health system and Norway should follow these examples to give citizens a better health care service 
(Solberg 2013). Solberg’s ambitions can be facilitated by Business Intelligence (BI) technology such as 
dashboards, and the Norwegian health management has already created several dashboards for citizens. 
BI is an umbrella term for providing tools, architecture, applications, techniques and processes for better 
decision making (Chen et al. 2012; Sharda et al. 2014; Watson 2009). A popular application is dashboard, 
which allows the decision maker to stay close to the data (Davenport et al. 2010) by visualising Key 
Performance Indicators (KPIs) (Few 2006).  
The benefits of BI, also in health care, are increasing (McAfee and Brynjolfsson 2012). One the one hand, 
health care has been a laggard when it comes to using BI (Chen et al. 2012). On the other hand, we 
believe that BI in health care it not completely new, at least not when it comes to visualisation. Physician 
John Snows’ Ghost Map and nurse Florence Nightingale’s Statistical Diagrams can be regarded as 
predecessors for BI dashboards (see figure 1). Dr. Snow (1813-1858) created a dot-map and found the 
source of cholera contamination to be drinking from one single water pump. This visual display was not 
real-time like a car dashboard; nor did it have underlying BI-architecture or tools, but it visualised Key 
Performance Indications (KPIs) at a glance. The Ghost Map contributed to saving lives even though it 
took several days for the authorities to act (Johnson 2006; Tufte and Weise Moeller 1997).  
Nurse Nightingale (1820-1910) was first unaware of the importance of hygiene (Small 1998). Eventually, 
she drew this conclusion and further used graphics to convince the Parliament to send more medical 
supplies for wounded Crimean soldiers. She created the CoxComb diagrams which illustrated that 
soldiers died more from diseases (blue areas) than wounds in battle (red areas) (see figure 1). (Whether 
this is a good form for visual principles is beyond the scope of this study.) 
  
 
 
Figure 1: Snow's Ghost Map with our red circle and Nightingale’s Statistical Diagrams 
In the two examples the initial decision makers were doctor and nurse, respectively. Innovation and user 
reach has now passed the point where BI is for everyone (Howson 2014), citizens included.  
This inspired us to formulate the following research question: What characterises BI dashboards and how 
are they adopted by citizens in the health care sector? In order to answer this question we reviewed 
extant literature, and identified two public BI dashboards for health care. Based on interviews and 
documentation we analysed the dashboards and mapped them against the literature. From this we provide 
a set of guidelines for enhancing adoption. 
2. LITERATURE REVIEW 
Our search was built on previous BI literature reviews from 1990-2010 (Shollo and Kautz 2010) and 
1997-2006 (Jourdan et al. 2008). We limited our search back to 2010. The databases used for search were 
Google Scholar, “The Basket of Eight” journals, the International Journal of Business Intelligence 
Research and Business Source Premier for peer-reviewed, leading academic journals and conferences in 
the Information Systems and BI field. Due to somewhat limited findings of dashboards we also included 
books and the consulting firm Gartner.  
2.1 A brief introduction to BI and dashboards 
As mentioned in the introduction, BI is defined as a process and a set of technologies where data is 
gathered, stored and transformed (known as the ETL process) into information and analysed to 
knowledge used for taking action. Technology is used in this process to support the transformation from 
one phase to another (Sharda et al. 2014). The ultimate goal is better decisions that lead to improved 
performance, discovery of new opportunities, operate more efficiently or even make the world a better 
place (Howson 2014; Shollo and Kautz 2010). The links to information address how decisions are made 
and executed, how they can be improved and how information supports them (Davenport 2010). Data 
latency is the interval between the time when an event occurs and when the user perceives it. Hackathorn 
talks about three components of data latency: Capture (time from data event is captured and extracted into 
a data warehouse), analysis (dashboard) and decision (the time to make the decision and action based on 
analysis) (Hackathorn 2004).  
Traditional BI architecture has three layers: data sources, transformation and storage, and front-end 
applications (Chaudhuri et al. 2011). In this paper we focus on the dashboard, which is a typical front-end 
application. Dashboards are not new, and originated as reports. They later evolved into metric reports, 
dashboard-type reports or balanced scorecard-type reports often used for management (Sharda et al. 
2014). Based on the literature review we find that dashboards found a new purpose in later years. A new 
generation of tools and methods for advancing visualisation makes data able to be pulled more quickly 
from different sources and allow nontechnical users to experiment (Howson 2014). Consequently, 
dashboards have become ubiquitous (Sharda et al. 2014). According to Stephen Few’s working definition, 
“…a dashboard is a visual display of the most important information needed to achieve one or more 
objectives that fits on a single computer screen so it can be monitored at a glance”. 
The dashboard provides an overview so that the user, quickly through the short-term memory, can point 
out what requires attention and possible action (Few 2006). Gartner has a similar definition of a 
dashboard as a reporting mechanism that aggregates and displays metrics and KPIs to be viewed at a 
glance by all manner of users, for quickly monitoring and tracking performance via an aesthetic user 
interface before further exploration. They improve decision making by revealing in-context insights to 
business performance displaying metrics or KPIs using intuitive visualisation that indicate the progress 
towards a defined target (Gartner 2013).  
Some dashboards come with full features of drill-down, what-if analysis, alerts, customization options 
while others are more simple and static (Yigitbasioglu and Velcu 2012). Other BI researchers mention 
important elements of the dashboard to be monitoring and tracking of performance metrics, easy to use, 
require little or no training and exhibit structured data (Sharda et al. 2014; Watson 2009). (Authors’ 
comment: the difference of filtering and drill-down is as follows: filtering means the user can zoom and 
choose which information to focus on, while drill-down means that the user may view the chosen 
information from different perspectives. For example, if you want to buy a new pair of jogging shoes on 
Amazon, you first filter your way down to, let’s say, three choices. When you inspect each of the three 
pairs in detail you are drilling-down.) 
A well-known example of a dashboard is the car display that communicates fuel consumption, speed and 
warnings. Imagine how it would be to drive a car without a dashboard display of this critical information 
and if you had to search for it instead of viewing it at a glance. The car dashboards are constantly being 
redesigned, however most of the KPIs have remained the same (see figure 2).  
 
 
Figure 2: The antique and modern car dashboard display (Edmonds 2009) and (e-tech 2012) 
Yigitbasioglu and Velcu (2012) found that critical factors to consider when implementing dashboards are 
visualisation principles and drill-down features. They recommend that dashboards come with a level of 
flexibility, in order to let users change between presentation formats. According to several researchers, 
empirical research on dashboards is limited. Practice related literature has concentrated in dashboard 
design (Ballou et al. 2010; Few 2005; Few 2006; Yigitbasioglu and Velcu 2012) and dashboard 
implementation (Clark et al. 2006; LaPointe 2008; Miller and Cioffi 2004; Wind 2005). 
2.2 A brief presentation of BI adoption 
Getting a new idea adopted is challenging, even if the benefits are obvious. The diffusion of innovations 
theory seeks to explain how and why new ideas and technology is adopted among individuals and/or 
organizations. A part of the theory centres on the conditions that increase or decrease the likelihood to 
adopt the innovation (Rogers 2003). We found that Rogers’ theory had been employed to some extent in 
BI and dashboards research. The diffusion of innovation and personality traits related to using dashboards 
is suggested to provide better theory driven guidelines for designers of new technology like dashboards 
(Yigitbasioglu and Velcu 2012). The most prevalent BI research was within Diffusion of BI and Data 
Warehousing (Gonzales et al. 2011) and rate of BI adoption (Boonsiritomachai et al. 2014; Olexová 
2014).  
Summing up this brief literature review, we found that BI research is limited when the decision makers 
are citizens, and on how they adopt a BI dashboard, especially in health care.   
3. METHOD 
The case study has an exploratory two-case design based on an overall deductive approach in a 
comparative setting. We conducted in-depth interviews, observations, reviewed documents, attended 
meetings and seminars and took notes that were relevant to assure multiple sources of evidence. The 
Innovation Diffusion theory’s adoption element was used as a theoretical framework for guidance 
(Rogers 2003; Yin 2014). We analysed the material using qualitative data techniques (Miles and 
Huberman 1994; Yin 2014). 
We used multiple sources for a rich data collection and well-documented procedures in a systematic way 
to uncover patterns and address the research question(s) (Yin 2014). Table 1 shows the data sources 
collected from January to May 2015. 
Strategy Data source and characteristics Data Participants 
Semi-structured 
interview 
Health Management Requirement owner for 
Dashboard A for 4 years, Dashboard B for 1 year 
Audio, Text, 
documents 
2 
Semi-structured 
interview 
Potential patients or users where 2 had previous 
experience with Dashboard A. 9 students, 2 managers 
Audio, Text 11 
Observation. 
Semi-structured 
interview 
Information office. Nurse-background, employed 
from 1-8 years 
Field-notes and 
text 
4 
Researcher 
participation. 
Email interview 
IT-consultancy firm. Consultant with experience 
from BI-projects in health management 
Text, field notes, 
documents 
4 
Table 1: Data collection summary 
In addition to interviews, we conducted a direct observation at one of the national information offices. We 
also reviewed documents from the health management. Finally we conducted an e-mail interview with 
one of the consultants involved in the development of one dashboard to clarify some of the technical 
aspects. Each interview lasted between 1 and 2 hours, and the transcribed interviews were sent to all 
participants for confirmation before data analysis. To avoid unethical challenges during interviews with 
the potential patients, we chose to create a fictive scenario of a diagnosis that was not of an embarrassing 
or mortal nature. A group of 9 students at a University College at the department of technology and 2 
managers from health care were contacted and asked to participate as volunteers in the study. The fictive 
scenario was based on the most common inquiry, which was meniscus operation (cartilage operation on 
the knee). The participants were introduced to this description:  
You are on sick leave for meniscus injury (knee injury). You and your General Practitioner have agreed 
that arthroscopic surgery is the best choice to get you back to work. Your General Practitioner refers you 
to a specialist for investigation. You want to use your right to free hospital choice, but want to be treated 
at a hospital in the Health South-East region. (We showed Dashboard A and let the users navigate and 
think out loud before answering semi-structured questions (see appendix 1). The same procedure was 
repeated for Dashboard B.) 
4. FINDINGS AND ANALYSIS 
Upon requests from the participants in the study we use neutral terms like “health management”, 
“Dashboard A and B”. Dashboard A was not based on BI architecture, but had many dashboard features, 
while Dashboard B had underlying BI architecture with three layers. 
4.1 Presentation of Dashboard A 
Dashboard A (figure 3) was introduced in 2003 and was developed to contribute to patient’s informed 
decisions, equalizing waiting times, more effective use of resources to ensure the citizens equal rights to 
quality health care. It applies to all planned investigations, which means after a consultation with primary 
health care and a General Practitioner and not for emergencies (Norwegian health management 2014).  
 
Figure 3: Dashboard A, filtered by physical health, meniscus injury and region South-East of Norway. 
(English site does not exist) 
Patients can find KPIs on (1) maximum expected waiting times among the lowest prioritized patients in 
somatic, mental and substance abuse health services and (2) volume of treatments the previous year 
(Norwegian health management 2006). Both citizens and health care use the service, but patients 
constitute 79% of the users (from internal document).  
4.2 Presentation of Dashboard B 
Dashboard B was published in 2013 with the purpose of informing patients about the quality of the 
Norwegian health service. It was supposed to enable patients to use their rights and make relevant, real-
time decisions regarding their own health care (Norwegian health management 2013). It has an 
underlying BI architecture and has 11 different data sources (please see appendix 2 for more details). 
Figure 4 shows the dashboard drilled-down to one hospital in somatic health care. The user can explore 
statistics and compare hospitals to the national average. 
 
Figure 4: Dashboard B drilled down to one selected hospital. (English site does not exist.) 
4.3 Mapping our findings against the literature  
From the interviews with the health management requirement owner and the documentation we were able 
to analyse the two dashboards and map them against the literature. We used a clustering and heat map 
technique to visualise our findings (table 2). To be classified as having a high degree, all elements from 
literature had to be fulfilled (green). Low had none or only one of the characteristics (red). Due to 
somewhat blurred boundaries we decided to have a moderate category between high and low (orange).  
Table 2: Literature mapped with our findings using heat-map technique 
Dashboard A was built on a database that contained the hospitals, units, estimated waiting times, 
procedures, subjects and care levels (see appendix 2). The hospital reporting is highly manual, and there 
are few end-user BI-tools. The user can make queries, and there is one alert function that simply changes 
the colour of the number to red if the hospitals do not report within 4 weeks. Dashboard A had limited 
capability for drill-down and interacting with data, and the system was in total isolation at the time of this 
study, but was scheduled to be migrated to Dashboard B’s portal by the end of 2015.  
Dashboard B was built on Microsoft SQL Server Reporting Services 2012, which was integrated with 
SQL Server and SharePoint (see appendix 2 for more details on architecture). Dashboard B dealt with 
sensitive information at the lowest data levels, and had manual processes for assuring patient safety. 
Dashboard B’s managers acknowledged the need for data to be updated on a monthly basis, while at the 
time of the study, it was supposed to be five times a year (but they had not updated in over one year). 
Dashboard B contained reports and a possibility to export to Microsoft Excel for further exploration.  
Next, we mapped the literature on dashboard definitions and visualisation against the findings, which are 
presented in table 3: 
Dashboard definitions (Few 2006; Gartner 2013; Sharda et al. 2014; 
Watson 2009) 
Presence in 
Dashboard A 
Presence in 
Dashboard B 
Presence of visual displays Low High 
Displays the most important information High Moderate 
Can be monitored at a glance (limited amount of scrolling) High Low 
Can be used by all manner of users (easy to use) High Low 
Has an aesthetic user interface Low High 
User can point out what requires attention or action High Low 
Usage goes beyond monitoring Low Moderate 
Can also be simple and static High Low 
Possibility to customize by end-user Low High 
Contains several presentation formats Low High 
Visualisation principles (Few 2005; Few 2006; Tufte and Weise Moeller 1997) 
Contains graphs, symbols, charts Low High 
Contains tables High Moderate 
Contains maps Moderate Low 
Right use of colour (red is reserved for alerts, limited use of pastel colours) Low Moderate 
Table 3: Dashboard definition criteria presence in dashboard A and B compared to literature 
Underlying BI architecture (Chaudhuri et al. 2011; Watson 2009)  Presence in 
Dashboard A 
Presence in 
Dashboard B 
Multiple source systems Low Moderate 
ETL process Low High 
Mid-tier servers (OLAP, search, data mining, reporting server) Low Moderate 
Data warehouse Low Moderate 
End-user BI-tools (Chaudhuri et al. 2011; Sharda et al. 2014)  
Reports Low High 
Scorecards Low Low 
Spreadsheet Low High 
Analysis Low Low 
Alert Moderate Low 
Queries High High 
Dashboard A had a high presence of dashboard criteria from the literature, except aesthetic user interface. 
10 of 11 potential users perceived Dashboard A as easy to understand, that they could quickly monitor 
information that is important for them and could point out which hospital could shorten their waiting time 
in the fictive scenario. The negative factors were mainly lack of visual elements and colours, and low 
drill-down functionality. Dashboard A mostly contained tables, with one selection map for choosing a 
region. The users perceived “at a glance” presence for Dashboard A, but not B.  
Dashboard B was perceived as modern and more visually attractive. It used graphs and symbols in 
addition to tables for a more visual expression. The possibility to drill-down to all KPIs per hospital was 
especially appreciated. It was perceived as difficult to navigate (back and forth), too much irrelevant 
information, time consuming and numbers without context. The quality of the data was perceived as high 
when the participants were unaware of when the data was uploaded. When they discovered that the data 
were more than one year old, they stated that the data was obsolete. Nonetheless, they appreciated 
historical data trends.  
After having used both dashboards, 10 of 11 would adopt Dashboard A in a future situation, where 2 
would be continuous adopters and 1 of 11 considered later adoption. For Dashboard B, 6 of 11 considered 
later adoption, while 5 of 11 would reject to adopt in a future situation.  
Zooming out, we wanted to look at adoption on a national level. We remember that Dashboard A is 12 
years old. Figure 5 shows that the visits and unique users on the website have increased (blue and red 
line), while the incoming calls (answered and registered by patient counsellors) has remained stable 
(green line).  
 
Figure 5: Adoption trends 2010-2014 for Dashboard A (Internal document) 
From our data material we found that the typical users of the dashboard are highly educated, aware of 
his/her rights and expect digital services. They communicate actively with the General Practitioner and 
find and analyse information on their own. They frequently use online self-service solutions and trust 
user-generated content such as other patients’ ratings of a hospital on social media. Finally they expect to 
locate all information regarding health and their rights in one place.   
As mentioned, Dashboard B was launched in 2013 and we were able to analyse visitors during 2014, as 
shown in figure 6. 
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Figure 6: Total visits in 2014. (Internal document from health management). English version does not 
exist. With our red marks added.  
We noted a dip in user visits after June 2014. We found that this was due to the implementation of a login 
function, and the number of visits remained low until 24th of November where the sites were again 
opened to the public without having to login (see red marks in figure 6). The health management had 
noted the dip and removed the login, which increased the number of visits in December. Unfortunately, 
our data does not reveal why the health management decided to implement the login function in the first 
place. 
5. DISCUSSION 
In this section we examine the findings in the light of extant research and explore the implications.  
5.1 What is a BI dashboard? 
BI has underlying architecture and tools, but this alone does not equate to adoption. The users will not 
come if the tools are not right and furthermore it is impossible to meet all user needs with one single tool 
(Watson 2009). Dashboard B had characteristics more like the traditional dashboard in the sense that the 
architecture was built on traditional BI technology; however, there are still manual processes on the 
lowest layer. This manual process can lead to human errors which may affect the top layer where data is 
presented in the dashboard. 
Dashboard A was more static, had less data sources, no BI-architecture other than local databases and few 
BI-tools. Managers had more control over data quality, but at a manual level. The lack of BI architecture 
and tools did not necessarily make Dashboard A less effective, but there are some related challenges. 
Information and decisions are connected to data latency: how long it takes from when the data is 
captured, analysed and for the decision to be made. The evolution of BI technology has moved towards 
lower data latency (Hackathorn 2004; Howson 2014; Watson 2009). The health management dashboards 
had high data latency because of the long capture time. Dashboard A’s estimated waiting times was 
supposed to be reported on over 100 services by hospitals every 4th week. The manual reporting processes 
led to a big coordination job for hospitals with the consequence of many hospitals not following the 
guidelines for reporting and updating. Dashboard A’s many reports from capturing and doing calculations 
manually for every department in the hospitals made the data latency high. Dashboard B’s delays ware 
mainly because of silo registers and demands for hospitals: “They are not under one umbrella; the 
registers are silo systems with different owners. Who will decide on the technology, who will decide on 
development or platforms?” (Informant from health management on Dashboard B). 
Data processing agreements and laws and regulations can lead to long procedures of getting the data 
needed for the health management to develop and publish KPIs: “There are connections of data between 
registers. We need to agree to data processing agreements. That is very time consuming and it can take 
six months to get the data you need” (Informant from health management on Dashboard B). 
5286
4537 4569
2996
7711
3308
335 566
1032
631
2486
5340
0
1000
2000
3000
4000
5000
6000
7000
8000
9000
Public 
Login
The health management mentioned real-time decisions and timely data in their goals. Is data from over 
one year or two back timely enough? Even Dr. Snow’s manual data collection was not that old. However 
we will argue that the data does not have to be near-real time for either of the dashboards, because the 
cost might be higher than the value. However, the majority of our participants wanted more frequent 
updates. Over four weeks was perceived as too long for Dashboard A. “The waiting time (KPI) is about 
the same as when it’s last updated” – Informant 4 on Dashboard A. Dashboard B had data that was over a 
year old although it should be updated at least five times a year according to the health management. 
Potential patients agreed: “Why should the KPI of one specific month last year, be relevant? (Informant 
11 on Dashboard B). 
Visual principles can provide the users with more actionable information. As we found in table 3: while 
Dashboard A had many of the elements of a dashboard definition, it lacked visual principles. Informant 5 
backed up our analysis: “It’s not visual appealing and it's hard to know what is most important for you.”  
In Dashboard B, there were many levels of drill-downs and KPIs. The participants claimed that the high 
amounts of KPIs were confusing, and they did not need all: “When there is this amount of information, 
you give up” (Informant 1). What questions do the patients want to have answered? The health 
management has definitely failed to answer this question, which they are aware of: “The view that is 
today is not good enough for patients and relatives. But the view is connected to when we started and 
only had 30 KPIs. Today we have 66. The goal for 2015 is maybe 100 KPIs. That means that things have 
to be structured differently” (Informant from health management on Dashboard B). 
Dashboard B was perceived as more visually attractive than Dashboard A, however visual elements do 
not necessarily mean more effective if they do not facilitate thinking: “Way too much of everything. It,s 
too professional. It’s not made for John Doe, and that you can see easily” and “It has to be easier. Learn 
from Ebay where they have thumbs up and down, and stars. That’s what people get. That’s what people 
can relate to” (Informant 7 on Dashboard B). 
Some reasons as to why Dashboard B did not meet patients’ needs included that it could not be viewed at 
a glance, it had a complex language and missing contextual information, which made the content even 
more challenging to understand. Several informants pointed this out: “Like it is now, I have to go forth 
and back and remember the numbers, and while doing so, write it down”; “I would expect to have all the 
indicators at one place”; “there are like hundred different quality indicators, you could get a bit crazy I 
would imagine” and “OMG – I have to scroll sideways!”.  
5.2 Adoption of BI dashboards 
The key findings are that Dashboard A’s adoption is increasing while dashboard B is not adopted in 
general. At national level, the reason can be due to the fact that Dashboard A has existed ten years longer 
than B. From our own observations with the fictive scenario, the main impression towards A was still 
mostly positive after using it, while most of the informants changed attitude from positive to negative 
after using Dashboard B. Why was the attitude towards Dashboard A different from B? For once, 
Dashboard B was perceived as harder to use, even for our participants, who were all skilled in technology 
and eager users of digital services. They expected the dashboards to be as easy to use as Facebook and 
Google. They also perceived hospital services to be equally good, and that quality does not differ much 
from hospital to hospital. Many of the informants were also not aware that they had rights as patients, 
perhaps due to their young age (they were mainly students): “It is useful for people; they just don’t know 
it yet” (Informant 10).  
According to one of the health managers, the General Practitioner plays a very important role; however, 
the General Practitioners do not always inform patients about the dashboards, due to the limited time they 
have for each patient and the overload of health related information to which the General Practitioners 
have access. Patients must act proactively to get relevant information. Informants 5 and 9 agreed: “If you 
don’t know anything else, you would have to just accept that this is the way it is. It’s great when you 
actually have the options to check this information” (Informant 5 on Dashboard A). “When I get in the 
situation that I could choose a hospital, it’s good that the General Practitioner mentions it” (Informant 9 
on Dashboard A). 
The findings indicate that the adoption Dashboard A would continue to increase. From the findings we 
saw that 10 of 11 of the participants would use the dashboard in a future situation. Regarding Dashboard 
B only 6 of 11 would consider later adoption. The complexity of Dashboard B limits the adoption by the 
citizen as it had added too many KPIs which were perceived as high complexity and too much non-
relevant data for potential users. Contrarily, Dashboard A only had two KPIs (estimated waiting times and 
number of performed treatments in previous year), and was perceived as having low complexity, but not 
enough information for decision making.  
6. CONTRIBUTIONS AND SUGGESTED FURTHER RESEARCH 
The literature review revealed a research gap in the area of BI dashboards, both in health care and for 
citizens. Providing dashboards for managerial or operational decision-making is different from providing 
dashboards for decisions by citizens as a user segment. For example, it can be argued that Dr Snow’s 
Ghost Map is a BI dashboard, but it had to be interpreted by a physician, and it convinced neither the 
authorities nor the citizens at first. We argue that visual presentation alone does not constitute a 
dashboard. In order for the Ghost Map to constitute a real BI dashboard we need to include more BI 
techniques. If may be safe to assume that Dr. Snow knew that water was heavy to carry, and that people 
were most likely to go the nearest pump to fetch water. Snow was a skilled physician and managed to 
perform these calculations manually, however, modern BI technology can automate this processes.  
6.1 Guidelines for BI dashboard adoption in public health care 
Based on our findings, we propose a set of guidelines.  
Guideline 1: Focus on decision making 
The main purpose of a BI dashboard is to support decision making, which must not be placed in the 
shadow of for example visualisation, architecture, or design. Unsurprisingly, our participants favoured the 
simpler dashboard (A). This does not mean that a BI dashboard should be as simple as possible, because 
the participants also stated that Dashboard A had insufficient amount of KPIs in order to make a decision. 
Guideline 2: Exploit BI technology, processes and techniques 
From the interviews with the potential patients we learned that while our participants trusted the data, 
they requested more frequent updates. Adequate use of BI technology, processes and techniques may 
enhance both data quality and update. For example, by building the dashboards on BI technology, which 
was the case with Dashboard B, calculations and updates can be automated. We also noted that the 
participants wanted a drill-down feature in Dashboard A. Even though Dashboard B was built on BI 
technology and could provide drill-down, we concluded that it had scaled too quickly, and the developers 
had failed to pay attention to the presentation of data in the process.  
Guideline 3: Provide easy access 
We acknowledge that this guideline may seem intuitive and generic, however, our results show that 
access to, and interaction with, the dashboards should be developed with all kinds of end-users in mind, 
including the ones with less technical experience. For example, figure 5, and the interviews with the 
potential patients, illustrate that login and scrolling was unfavourable.  
In sum, a BI dashboard should be simple enough to attract users, but complex enough to support decision 
making. Although the majority of our participants were citizens (in the role of potential patients), the 
practical contribution of this paper is mainly for managers and developers of BI dashboards. We hope that 
our proposed guidelines can lead to increased adoption of BI dashboards in the future, in health sector as 
well as in others, and that all kinds of end-users will trust the data and to make informed decisions. 
 
6.2 Limitations and suggested further research 
There were several limitations in this study; however the boundaries and unanswered questions also 
suggest future research topics. First, the sampling of citizens and the fictive scenario is a limitation. To 
avoid unethical issues and gain access to data we had to make clear boundaries of the scenario. Nine of 
the informants were also in a younger segment, thus being technology savvy, and having less health 
experience than other, older age groups. However, if our technology savvy participants found the 
dashboards challenging to use, we believe that the rest of the population will find it even more difficult. A 
future study could involve a more holistic group of informants with different age, higher and lower 
education, and with and without experience with dashboards. Second, we found that the number of KPIs 
could influence adoption but we did not pursue this finding. An interesting study related to this could be: 
How many KPIs are optimal in a BI dashboard? Third, this study can also be replicated with dashboards 
in other public sectors outside health care. Finally, we believe that more research is needed to 
differentiate a BI dashboard from a website or web-portal. For example, is it possible to apply research 
from disciplines such as User Experience and Usability to BI dashboards in order to increase adoption? 
Related to this, we also make call for more research on the comparison between an organisational BI 
dashboard and a BI dashboard developed for citizens. Will there be any major differences between the 
two? 
7. CONCLUSION 
We have investigated: What characterises BI dashboards and how are they adopted by citizens in the 
health care sector? We chose two dashboards created by the Norwegian health management (called 
Dashboard A and Dashboard B by participant request), where A lacked a BI architecture and B was built 
on a traditional three layered BI architecture. We found that Dashboard A had a higher presence of BI 
dashboard definition criteria than Dashboard B. On the one hand, the participants perceived Dashboard A 
as easy to use, but on the other hand, it was considered to lack sufficient data and KPIs with which to base 
a final choice on. Dashboard B had come further in prioritizing BI architecture. In despite of this, 
Dashboard B was perceived as harder to use and the attitude towards dashboard B even changed from 
positive to negative after trying it. In order to facilitate adoption of dashboards we propose a set of 
guidelines: (1) focus on decision making, (2) exploit BI technology, processes and techniques, and (3) 
provide easy access. In sum, a BI dashboard should be simple enough to attract users, but complex 
enough to support decision making. We hope that the outcome of the study will contribute to BI literature 
in an area with limited research (health care), and that it will provide the health management with insights 
on how dashboards impact citizens when they make decisions on health care services.  
ACKNOWLEDGMENTS 
We thank the participants in the health management and the students for participating in the study. We 
also thank Bjørn Erik Munkvold and Keith Phillips for comments, and the three anonymous reviewers at 
NOKOBIT for valuable comments, which raised the quality of this paper. 
REFERENCES 
Ballou, B., Heitger, D., and Donnell, L. (2010). Creating effective dashboards. Strategic Finance, 91(9), 
27-32. 
Boonsiritomachai, W., McGrath, M., and Burgess, S. (2014). A research framework for the adoption of 
Business Intelligence by Small and Medium-sized enterprises. Presented at Small Enterprise 
Association of Australia and New Zealand, Sydney. 
Chaudhuri, S., Dayal, U., and Narasayy, V. (2011). An overview of business intelligence technology. 
Communications of the ACM, 54(8, August 2011), 88-98. 
Chen, H., Chiang, R. H., and Storey, V. C. (2012). Business Intelligence and Analytics: From Big Data to 
Big Impact. MIS Quarterly, 36(4). 
Clark, B. H., Abela, A. V., and Ambler, T. (2006). Behind the wheel. Marketing Management, 15(3), 18. 
Davenport, T. H. (2010). Business intelligence and organizational decisions. International Journal of 
Business Intelligence Research (IJBIR), 1(1), 1-12. 
Davenport, T. H., Harris, J. G., and Morison, R. (2010). Analytics at work: Smarter decisions, better 
results: Harvard Business Press. 
e-tech, I. (2012). Editorial. http://www.iec.ch/etech/2012/etech_0412/wld-1.htm [downloaded July 3, 
2015]. 
Edmonds, M.  (2009). How Dashboard Displays Work. 21 January 2009.  HowStuffWorks.com. 
http://electronics.howstuffworks.com/gadgets/automotive/dashboard-display2.htm [downloaded 
July 3, 2015]. 
Few, S. (2005). Dashboard Design: Beyond Meters, Gauges, and Traffic Lights. Business Intelligence 
Journal, 10(1), 18-24. 
Few, S. (2006). Information dashboard design: O'Reilly. 
Gartner. (2013). IT Glossary: Dashboards. http://www.gartner.com/it-glossary/dashboard [downloaded 
July 3, 2015]. 
Gonzales, M. L., Bagchi, K., Udo, G., and Kirs, P. (2011) Diffusion of Business Intelligence and Data 
Warehousing: An Exploratory Investigation of Research and Practice. Presented at System 
Sciences (HICSS), 2011 44th Hawaii International Conference on. 
Hackathorn, R. (2004). The BI Watch: Real-Time to Real Value. DM Review, 4. 
Howson, C. (2014). Successful Business Intelligence: Unlock the Value of BI and Big Data: McGraw-Hill 
Education. Second edition. 
Johnson, S. (2006). The Ghost Map: Penguin Books. 
Jourdan, Z., Rainer, R. K., and Marshall, T. E. (2008). Business Intelligence: An Analysis of the 
Literature 1. Information Systems Management, 25(2), 121-131. 
LaPointe, P. (2008). An Anatomy of a Dashboard Failure and Pending Resurrection. MarketingNVP, 4(4), 
17-20. 
McAfee, A., and Brynjolfsson, E. (2012). Big Data: The Management Revolution. Harvard Business 
Review, 26(October 2012), 59-68. 
Miles, B. M., and Huberman, A. M. (1994). Qualitative data analysis: an expanded sourcebook, United 
States: Sage Publications. 
Miller, A., and Cioffi, J. (2004). Measuring marketing effectiveness and value: the Unisys marketing 
dashboard. Journal of Advertising Research, 44(03), 237-243. 
Norwegian health management. (2006). * 
Norwegian health management. (2014). * 
Olexová, C. (2014). Business intelligence adoption: a case study in the retail chain. WSEAS 
TRANSACTIONS on BUSINESS and ECONOMICS, 11, 95-106. 
Rogers, E. M. (2003). Diffusion of Innovations, 5th Edition: Free Press. 
Sharda, R., Delen, D., and Turban, E. (2014). Business Intelligence and Analytics. Systems for Decision 
Support: Pearson. 
Shollo, A., and Kautz, K. (2010). Towards an understanding of business intelligence. ACIS 2010 
Proceedings. Paper 86. 
Small, H. (1998). Florence Nightingale's Statistical Diagrams. Stats & Lamps Research. Conference 
organised by the Florence Nightingale Museum at St. Thomas' Hospital, 18th March 1998. 
Available at: http://www.york.ac.uk/depts/maths/histstat/small.htm [downloaded May 5, 2015]. 
Solberg, E. (2013). Legen rett hjem. Available at: https://ernasolberg.wordpress.com/2013/03/04/legen-
rett-hjem/ [downloaded July 3, 2015]. 
Tufte, E. R., and Weise Moeller, E. (1997). Visual explanations: images and quantities, evidence and 
narrative: Graphics Press Cheshire, CT. 
Watson, H. J. (2009). Tutorial: Business Intelligence – Past, Present, and Future. Communications of the 
AIS, 25(1), Article 39. 
Wind, Y. J. (2005). Marketing as an engine of business growth: a cross-functional perspective. Journal of 
Business Research, 58(7), 863-873. 
Yigitbasioglu, O. M., and Velcu, O. (2012). A review of dashboards in performance management: 
Implications for design and research. International Journal of Accounting Information Systems, 
13(1), 41-59. 
Yin, R. K. (2014). Case study research: Design and methods: Sage publications. 
* Norwegian health management sources have been neutralized according their request. 
  
APPENDIX 1: INTERVIEW GUIDES  
 
Questions for the potential patients or citizens (11 participants) 
Have you heard about the dashboard/service previously?  
What information on the dashboard would be most/least important for you in the scenario given (top 
3)? 
Do you feel that there is a need for this service? 
What was your main impression of the dashboard? 
3 positive and 3 negative sides on the dashboard? 
How user-friendly was the dashboard? 
Was the information easy to understand (format, visual perception)? 
Is there any information that you would like to explore in more detail (drill, navigate)? 
If you have a question related to the dashboard or information, do you know who to ask and how to 
reach them?  
Do you trust the information/data? 
Was the data input updated frequently enough?  
When would you use (or not use) this dashboard? 
How would the dashboard help you to make a choice on health care services for treatment? 
Would you use this dashboard again? 
 
Questions for the health management (2 participants) 
What is your job description? 
What are the top 3 priorities and top 3 challenges in this project?  
What were the main reasons for implementing the dashboard?  
What is the main challenge in communicating the service to patients for adoption? 
How many and who use the dashboard? 
What is the response? 
Characteristics of dashboard 
What are the main capabilities of the dashboard regarding analysis of information? (Status reporting, 
“what-if”) 
Are there any capabilities of exploring further details of the data?  
What was used to visualize the information? 
What are the biggest weaknesses in the dashboard? 
Is the data complete and trustworthy? 
Is the dashboard a standalone system?  
What data sources are used for getting data in? 
How the data is processed (data warehouse, OLAP)?   
What tools are used in this project (query, reporting, analyse, alert)? 
Do you have a model of the architecture that we can look at and use in the study? 
 
  
APPENDIX 2: ARCHITECTURAL MODELS OF DASHBOARDS A AND B 
 
Dashboard A was built on a relational database: 
 
Database overview (from internal document created by IT-consultancy firm). English version not 
available. 
 
Dashboard B was built on a three-layered BI architecture: 
 
 
The model shows the three-layer architecture. The source systems are files that the Health Management 
manually prepare and upload to a SharePoint site. Microsoft SQL Server Integration Services (SSIS) is 
used to load the data. Then the data is loaded to an Operational Data Storage where data undergo 
transformations, splitting of files into tables. The tables are loaded into the top layer with selected 
information needed to do the reporting (from e-mail interview). English version not available. 
Please note:  
We have erased 
sensitive 
information. 
